The new mineral calcinaksite, ideally KNaCa(Si 4
Introduction
The Laacher See area (Eifel Mountains, Germany) is the type locality for more than 20 mineral species, most of which are the result of the interaction of an alkaline magma with xenoliths of different rocks. The processes of mineral formation occurred here quite recently: last eruption of the residual phonolite magma took place~13 Ka ago (Litt et al. 2001; Schmitt et al. 2010) . This paper describes the new mineral species from the Laacher See area, calcinaksite KNaCa(Si 4 O 10 )· H 2 O, which represents the first hydrous and Ca-dominant member of the litidionite group.
Calcinaksite is named for the chemical composition and by analogy to the related minerals manaksite, KNaMn(Si 4 O 10 ), and fenaksite, KNaFe(Si 4 O 10 ). The mineral and its name have been approved by the IMA Commission on New Minerals, Nomenclature and Classification (IMA no. 2013-081 . Calcinaksite is non-fluorescent in both UV and cathode rays.
The new mineral is optically biaxial (+), α=1.542(2), β= 1.550(2), γ = 1.565(3), 2V meas = 75(10)°, 2V calc = 73°. Dispersion of optical axes is medium, r<v. The orientation is: Y^a=42°, Z^a≈90°. The plane of perfect cleavage coincides or is almost coplanar with the XY plane.
Infrared spectroscopy
Powdered samples of calcinaksite, fenaksite and manaksite were mixed with KBr, pelletized, and analyzed using an ALPHA FTIR spectrometer (Bruker Optics) at the resolution of 4 cm −1 (average of 16 scans). An IR spectrum of an analogous pellet of pure KBr was used as a reference. The IR spectrum of calcinaksite is given in Fig. 4 The IR spectrum of calcinaksite is somewhat similar to those of the structurally related minerals manaksite and fenaksite (Fig. 4) The IR spectrum of calcinaksite is considered as a good diagnostic tool for the mineral. Indeed, among IR spectra of about 2000 mineral species given in the book (Chukanov 2014) , only spectra of manaksite and fenaksite have some similarity with that of calcinaksite, but as one can see from Fig. 4 , calcinaksite spectrum has a number of distinct specific features. One of them is the presence of H 2 O bands. Fenaksite and manaksite do not contain water because of specific features of their crystal structures. In addition, there are distinct differences between IR spectra of calcinaksite and its Mn-and Fe-dominant counterparts in the range from 360 to 1200 cm
Chemical composition
Chemical analyses were carried out as follows. The energydispersive spectroscopic (EDS) electron microprobe analyses, including imaging in scattering electrons (SE) and backscattering electrons (BSE) were carried out with two analytical suites, (1) a digital scanning electron microscope Tescan VEGA-II XMU with energy-dispersive spectrometer INCA Energy 450 and (2) a digital scanning electron microscope CamScan MV2300 (VEGA TS 5130MM) with EDS INCA Energy 350. In both cases data reduction was carried out by means of an INCA Energy 300 software package. The The Gladstone-Dale compatibility index is: 1 -(K p /K c )= 0.007 ("superior"). Calcinaksite is insoluble in dilute hydrochloric acid.
X-ray diffraction data and crystal structure
Powder X-ray diffraction data for calcinaksite (Table 2) were obtained in the X-ray Diffraction Centre of St. Petersburg State University using the Gandolfi method by means of Agilent Technologies SuperNova single-crystal diffractometer equipped with the source of monochromatic CuKα radiation (50 kV, 0.8 mA) and with an Atlas CCD area-detector in the 2Θ range from 6 to 86°. A sample-to-detector distance of 55 mm and pure ω scans were used. Unit-cell parameters and intensities were obtained using the data reduction package within CrysAlisPro program complex (Agilent Technologies, Version 1. 171.36.20) . For the refinement of unit-cell parameters we used all reflections with d<3.5 Å and, if it was possible, with h≠0, k≠0 or l≠0. In case of multiple reflections, we selected the most intense one for calculations. The unit cell dimensions refined from the powder data are: a=7.02(2), b= 8.26(2), c=10.15(3) Å, α=102.38(7)°, β=100.29(7)°, γ= 114.97(7)°, V=496(1) Å 3 . The single-crystal X-ray diffraction data for calcinaksite have been collected in a full sphere of the reciprocal space using an Xcalibur Oxford Diffraction CCD-diffractometer. The following triclinic unit-cell parameters have been obtained: a=7.021(2), b=8.250(3), c=10.145(2) Å, α=102.23(2), β=100.34(2), γ=115.09(3)°, space group P 1 (no. 2). The crystal structure of calcinaksite has been refined up to R= 5.3 % and wR=7.5 % in anisotropic approximation using 3057 reflections with I>3σ(I) (Aksenov et al. 2014 ; Table 3 ).
The basic structural unit of all these minerals is an infinite tube [Si 8 O 20 ] 8− ∝ running along [100] (Fig. 5) . The lateral surface of the tube is formed by four-and eight-membered tetrahedral rings.
The tubes are joined together by edge sharing CaO 5 (H 2 O) and NaO 5 polyhedra. The CaO 5 (H 2 O) polyhedron is a square bipyramid whose base is formed by four oxygen atoms at distances ranging from 2.282 to 2.399 Å. The oxygen atom located in a distance of 2.395 Å from calcium is the apical vertex. Another apical vertex is occupied with an H 2 O molecule located at 2.482 Å from Ca (Fig. 6) .
The NaO 5 polyhedron is a regular square-based pyramid with four longer bonds at 2.457-2.530 Å and a shorter apical bond 2.375 Å long.
The pairs of CaO 5 (H 2 O) octahedra sharing edges (Fig. 6 ) alternate with the pairs of Na-centered pyramids to form serrated bands running parallel to [100] (Fig. 5) . The K atom was found within a large cavity of the silicate tube with K-O distances of 2.656-3.234 Å.
A detailed description of the crystal structure of calcinaksite and its comparison with structures of related minerals and synthetic compounds are given elsewhere (Aksenov et al. 2014 (Kornev et al. 1972; Kawamura and Kawahara 1977; Durand et al. 1997; Brandão et al. 2009; Cadoni and Ferraris 2011) .
In manaksite, the Mn-centered coordination polyhedron is a distorted trigonal bipyramid with an apical bond relatively longer (2.30 Å) than equatorial ones (2.05-2.14 Å). The NaO 5 polyhedron is a tetragonal pyramid with an apical bond of 2.83 Å and four bonds ranging from 2.38 to 2.49 Å (Karimova and Burns 2008) . In fenaksite, the Fe-centered tetragonal pyramid has Fe-O distances ranging from 1.992 to 2.140 Å while the apical oxygen is located at a distance of 2.288 Å from Fe. Sodium atom has the coordination 4+3: besides four bonds with the lengths from 2.394 to 2.502(2) Å, there are three longer bonds with oxygen atoms ranging from 2.828 to 3.031 Å . In litidionite KNaCu 2+ (Si 4 O 10 ) , the Cu-centered polyhedron is a fairly regular square pyramid whose base is formed by four oxygen atoms at distances ranging from 1.961 to 1.990 Å, and the apex at a distance of 2.549 Å from Cu. Na in litidionite has 7-fold coordination, with five bond distances of 2.386-2.581 Å and two at 2.850 and 2.932 Å.
Fenaksite and manaksite occur in peralkaline rocks and form solid solution within a wide range of Fe:Mn ratios Pozas et al. (1975) Calcinaksite (M=Ca) 5+1 5 9 Aksenov et al. 2014
Fig . 5 The crystal structure of calcinaksite: general view (Dorfman et al. 1959; Khomyakov et al. 1992; Ageeva 2000) . Calcinaksite-bearing mineral association was formed as a result of contact-type metamorphism of a calcic carbonate rock and subsequent low-temperature reactions. Such processes have attracted the attention of researchers for a long time (Gross 1977; Grapes 2011; Bucher and Grapes 2011) . One of the reasons for the interest of natural high-temperature metamorphism at the contact of basalt magma with calciterich rocks is its analogy with cement production processes (Taylor 1997) . The study of different phases of cement materials is difficult because of their small sizes. Natural metamorphic rocks are often more coarse-grained and consequently more suitable for detailed studies of the mineral composition. The hydrothermal synthesis and magnetic properties of fenaksite, manaksite and litidionite are described by Brandão et al. (2009) . The manaksite-like compound Na 2 MnSi 4 O 10 was also synthesized under hydrothermal conditions (Cadoni and Ferraris 2011) . All these compounds either do not contain water, or contain it in trace amounts. By analogy with related synthetic compounds, one can suppose that calcinaksite has hydrothermal origin. Despite calcinaksite crystallized before associated silicate minerals of the low-temperature hydrothermal stage (tobermorite and jennite), it contains water molecules as a species-defining component. Moreover, calcinaksite was formed near the earth's surface, and consequently at low partial pressure of H 2 O, unlike related anhydrous synthetic compounds. Based on these facts, we suppose that the incorporation of H 2 O in the structure of calcinaksite is caused by crystal-chemical factors rather than by specific conditions of its formation.
In the calcinaksite structure three kinds of channels are present. Channel I (i.e., the tube [Si 8 O 20 ] 8− ) is empty, channel III running along the b axis is occupied with K, and channel II (delimited by six-membered rings formed by SiO 4 tetrahedra and M-or A'-centered polyhedra) extends parallel to the a axis and contains water molecules. In the structures of other litidionite-group minerals and their synthetic analogues channel III is also occupied with K, but channel II is empty. In the related mineral agrellite, channel III incorporates Na, and channel II contains F. The presence of water molecules only in calcinaksite structure is related to the dimensions of channel II, which in turn depends on the M cation radius. Note that Ca is the largest cation among M cations known in litidionitegroup minerals. As a result, the dimensions of the largest cross-section of channel II in calcinaksite (3.0×3.5 Å) are larger than corresponding dimensions in fenaksite structure (2.8×2.9 Å). The smallest cross-section of channel II in calcinaksite has the dimensions 2.4×3.0 Å. Consequently, the incorporation of H 2 O into calcinaksite on the postcrystallization stage would be impossible. All these facts indicate that calcinaksite was formed during the hightemperature hydrothermal stage. Natural samples of manaksite and fenaksite contain minor amounts of Ca (<1 wt.% CaO). Trace amounts of H 2 O detected in these minerals by IR spectroscopy can be present as a part of the octahedron CaO 5 (H 2 O) in unit cells with Ca substituting Mn and Fe, respectively. Comparative data for calcinaksite and related minerals are given in Table 5 .
